The progressive formation of products in the combustion of benzene and its monoalkyl derivatives has been studied by analytical methods, and the characteristic features of the isothermal reactions at various tempera tures have been established.
I ntroduction •
In considering the combustion of benzene and its homologues at high pressures (Newitt and Burgoyne 1936) the nature of the principal products of reaction was established, and information was obtained as to their ultimate survival under specified conditions. In the present experiments, the progressive formation of these products is examined.
In the case of each of the four hydrocarbons now under consideration, slow combustion reactions above and below 350° C have been studied, whilst with w-propylbenzerie the progress of a reaction in the cool-flame zone has also been investigated.
Mixtures having fu el: oxygen ratios between 1 and 0-5 were employed.
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Methods of procedure
In order to determine the composition of the reacting medium at any given stage in the combustion, the quartz reaction vessel was detached from the filling system, and, while still connected to the manometer, Satisfactory results are obtained when carbon-hydrogen-oxygen balances are drawn up relating to the reaction. The concentration of steam calculated in the course of this process is found to follow a path similar to that of the other " final products"-carbon monoxide and carbon dioxide. The calculated volume of the products is in excess of that found by experiment, however, and the discrepancy grows as the reaction proceeds. This may be satisfactorily explained by assuming the progressive formation of poly nuclear hydrocarbons through the elimination of hydrogen from molecules of benzene, in which connexion it will be recalled that evidence of the survival of diphenyl in the combustion products of benzene at high pres sures has previously been obtained (Newitt and Burgoyne 1936), i.e. C6H 6 + (O) + c 6h 6 = c 6h 6 . c 6h 5 + h 2o .
C C ^C
Lack of reactivity (cf. Part IV) made it impossible to study the com bustion of benzene below 350° C in the low-pressure apparatus employed.
Reaction 2. 325 mm. toluene + 325 mm. oxygen at 408° C.
As in the case of the corresponding reaction of benzene, the products contained traces of peroxides (other than peracids), ethylene, acetylene, paraffins and hydrogen. The phenols consisted principally of a dihydric derivative, although cresols were undoubtedly also present.
The products estimated by analysis (see table 2), together with steam, are not sufficient to give satisfactory carbon-hydrogen-oxygen balances. However, by assuming the formation of benzene and small amounts of polynuclear hydrocarbons such as ditolyl, this discrepancy can be largely rectified. Qualitative evidence has already been obtained of the survival of these products at high pressures (Newitt and Burgoyne 1936). Gas samples from the present (and all succeeding) reactions contained a certain amount, which increased as the combustion progressed, of an unaccounted constituent which was absorbed by concentrated sulphuric acid. This sub stance might be an aromatic hydrocarbon or a higher olefine, and in the present instance was undoubtedly benzene.
Reaction 3. 290 mm. toluene+ 360 mm. oxygen at 314° C.
Although benzene does not react with oxygen at an appreciable rate under atmospheric pressure at 300-350° C, it is possible to observe the combustion of toluene and higher members of the series under these con ditions. The nature of the products is little changed by lowering the reaction temperature, but peroxides (2) and (3) are now found to survive in small but appreciable quantities, and the proportion of benzoic acid is Reference to the pressure-time relationship shows that the final stages of the reaction are extremely slow, and the change from 95 to 100% occupies no less than 1 hr. Under these conditions the intermediates formed in the more rapid stages of the combustion might be expected to decompose if they were so inclined. It is seen, however, that the composi tion of the medium is little changed in this period, the only variations being a decline in the peroxides and a small movement through the series: alcohol -> aldehyde -> acid, which is undoubtedly brought about by slow oxygen attack. There is practically no formation of the oxides of carbon meanwhile.
As was the case in reaction 2, the carbon-hydrogen-oxygen balances indicate the progressive formation of benzene and polynuclear hydro carbons in the course of the combustion. and acidic intermediates consisted almost entirely of benzaldehyde and benzoic acid, both of which, as was demonstrated, could result from the oxidation of acetophenone itself. All the reactions considered in th a t investigation, however, were allowed to go to completion, and in view of the known instability of the higher aromatic aldehydes and acids at high temperatures, especially in the presence of oxidizing agents, it is not to be expected that they should ultimately survive. Nevertheless, the likeli hood of the transitory formation of these substances in the more rapid stages of combustion, with which the present investigation is to some extent concerned, cannot yet be excluded. As in the case of toluene, the phenolic constituents resulting from the combustion of ethylbenzene consist mainly of a dihydric derivative, to gether with lesser amounts of the ethylphenols. Negligible amounts of peroxides, ethylene, paraffins and hydrogen were also found in the products, but acetylene was not detected. 6-2 10*1 12*7 A ld eh y d e 10-4 25-6 32-2 3 3 0 K e to n e 6-2 i n 1 7 0 18*6 A lcohol (secondary) (99-6) 30-3 33-4 22*9 P h e n o l 3-9 13-6 16*9 23*0 higher temperature. Although the quantity of peroxides detected at 314° C was very small, it was a little greater than at 381° C, and the concentra tions followed the same general course as in the corresponding reaction of toluene (3). Acetylene was not found in the products, however, but traces of ethylene, paraffins and hydrogen were present. The experiment in column 4 of table 5 was a " first reaction", a fact the significance of which will be discussed at a later stage. In both reaction 4 and reaction 5, carbon-hydrogen-oxygen balances indicated the presence of lower aromatic and polynuclear hydrocarbons in the products. In view of the evident complexity of the combustion, how ever, it does not seem profitable at present to speculate with the object of accurately adjusting the balances.
Reaction 6. 130 mm. w-propylbenzene +170 mm. oxygen at 377° C.
Although experimental data relative to the combustion of propylbenzene is somewhat meagre, the evidence indicates a chemical analogy with ethylbenzene. Thus, the present investigation has shown that the alcohol formed is mainly secondary and that propiophenone is present in con siderable quantity in the products. At 377° C, traces of peroxide (2), ethylene, paraffins and hydrogen were found, but acetylene was not detected.
T able 6. T h e reaction of 130 mm. C9H12 + 170 mm. 0 2 at 377° C.
T otal pr essu r e in c r e m e n t = 70*4 mm.
T im e o f sam p lin g from s ta r t in m in. Reaction 7. 100 mm. w-propylbenzene + 150 mm. oxygen at 307° C.
The relationship of this reaction to the preceding appears to be normal judged by the instances already cited of toluene and ethylbenzene. In the present case, peroxides (2) and (3) were formed in appreciable amounts, and traces of ethylene, paraffins and hydrogen were also detected; but peracids and acetylene were absent from the products. The final experi ment in the series (table 7, col. 4) was a " first reaction".
Reaction 8. 210 mm. w-propylbenzene + 240 mm. oxygen at 277° C.
The reactivity of propylbenzene towards oxygen made it possible to study its combustion at temperatures lower than were previously available, and the small variations between reactions 6 and 7 were found to be emphasized. Thus in the present instance the acid and ketone are seen to occupy a much more prominent place in the products than at 307° C.
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T a b l e 7. T h e r e a c t io n o f 100 mm. C9H 12 + 150 mm. 0 2 a t 307° C. sentage p ressu re in c re m e n t p e rc e n ta g e p ressu re in c re m e n t a n d o x y g en u n co n su m ed
The peroxides, too, are more m evidence, and peracids were detected for the first time in this reaction. In the latter connexion it was observed that in the main combustion period a constituent was present in the pro ducts which liberated iodine from neutral potassium iodide, not im mediately* but entirely within 30 min. Thus in column 3, table 8, the 5-5 mm. of peroxide (1) 
Characteristics of slow combustion reactions of benzene and its alkyl derivatives
In order to summarize the common characteristics of the foregoing reactions it is convenient to divide them into two classes, as follows:
(1) " High-temperature reactions", taking place above 370° C, in which the influence of the low-temperature combustion system is not evident kinetically (cf. Part IV).
(2) " Low-temperature reactions", occurring in the region 300-320° C, in which the kinetic characteristics of the low-temperature system attain greatest prominence.
High-temperature reactions. In this category are included reactions 1, 2, 4 and 6, and reference to the corresponding analytical results will show that they have several features in common. Thus the oxides of carbon, the acids and the phenols, accumulate smoothly throughout the combustion, their rate of formation being invariably proportional both to the rate of oxygen consumption and to the rate of pressure development in the reacting medium. There is no particular analogy between the acids formed in the combustion of benzene (which are aliphatic) and those resulting from the oxidation of its alkyl derivatives (which are principally aromatic). Regarding the ketones, full data are available only in reac tion 6, from which it appears that the courses of the acid and phenol concentrations are closely followed in this case, but with a tendency to decline in the later stages of the combustion.
The alcohols and aldehydes are characterized as being the least stable of the major products. Thus the alcohol concentration rises to a peak very early in the reaction after which its rate of disappearance bears an approxi mate relationship to the amount of oxygen remaining in the medium. The aldehyde concentration follows a somewhat similar course, but its growth and decline are less rapid and the peak is reached at the end rather than at the beginning of the period of maximum reaction velocity.
On comparing reactions 2, 4 and 6, it is seen that the initial develop ment of the alcohol concentration becomes more marked on proceeding from toluene to propylbenzene, whilst the progression of the aldehyde remains unchanged. Both intermediates, however, occupy an increasingly prominent place in the products as the series is ascended, whilst phenolic constituents become less in evidence. Since the acid is not greatly affected meanwhile, it is clear that the effect of lengthening the hydrocarbon side-chain is to attract oxygen attack away from the nucleus. There is no evidence, however, that ring rupture is in any way diminished, for the production of the oxides of carbon proceeds with equal facility throughout the series.
Although traces of peroxide (2) are usually present, appreciable quan tities of peroxides as a whole are never detected in high-temperature reactions, and there is no evidence of the occurrence of hydrogen and hydrocarbons other than in very small amounts.
Low-temperature reactions. This class includes reactions 3, 5 and 7, and on consulting the corresponding experimental results it is somewhat surprising to find, in view of the important kinetic differences involved, that little contrast with the high-temperature series is noticeable. Thus the courses of the oxides of carbon, acids, phenols and, generally speaking, the ketones too, are precisely similar. In other cases, however, small but significant differences are observed. Thus the alcohol concentration now attains a maximum value at an even earlier stage in the reaction, and the subsequent decline does not become rapid until the end of the main com bustion period is reached. The aldehyde peak, on the other hand, is achieved somewhat later at the lower temperature, and the ensuing fall is slower.
Peroxides other than peracids are formed in appreciable amounts in reactions of this class, the peroxide (2) being generally the more prominent:
its concentration increases to a maximum value early in the reaction and thereafter falls steadily to a negligible figure. At the same time, the peroxide (3) shows two " peaks", one at the beginning and one at the end of the main combustion period.
As in the case of the high-temperature reactions, lengthening the hydro carbon side-chain has little effect on the survival of acids, CO and C 02 in the products. The alcohols and aldehydes, however, again assume an increased importance at the expense of the phenols, but in the present instance it is the aldehyde which is the more affected. The survival o f peroxides, too, seems to be favoured at low temperatures by the increased size of the hydrocarbon molecule.
From a kinetic point of view, reaction 8 cannot, strictly, be included in the present class, although the progression of the products in this case shows only slight abnormalities. Thus, the ketone is seen to be somewhat stabilized and tends rather to increase than to decline in the closing stages of the combustion. An interesting feature is the appearance in the products of a certain amount of peracid, which has not previously been encountered in the present investigation: the concentration of this intermediate is seen to attain a maximum value at the end of the main reaction period.
The influence of the reaction temperature on the survival of intermediates has previously been considered in investigating reactions at high pressures. The conclusions then reached are supported by the present experiments, which indicate that a decrease in temperature generally promotes the survival of " intermediate" as contrasted with " final" products; and at very low temperatures, the appearance of acids and ketones is particularly favoured (cf. reaction 8). The ratio C 0/C 02 always decreases with the lowering of the reaction rate, whether by change of temperature or o f pressure.
Reaction 9. 150 mm. w-propylbenzene + 200 mm. oxygen at 314° C.
In the course of this reaction a mild but well-defined cool-flame was propagated 2 min. 20 sec. after the admission of the mixture to the heated vessel. A vigorous combustion ensued without further flame formation, during which the residual oxygen was entirely consumed. The passage of the cool-flame did not cause any abnormal increase in the rate of consump tion of oxygen, and apart from the transitory pressure pulse the rate of pressure development also appeared unaffected. The ratio of the final pressure increment to the initial pressure was not greater than that of a slow combustion at the same temperature.
Comparison with fa ctio n 7 shows that the final products of combustion Vol. 175. A.
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Q /FG very similar, a conclusion that was also no tod in the case of the methyl derivatives of benzene in Part III. It is not possible, moreover, to point to any abnormal feature in the curves of figure 3 a, which depict the progression of the more prominent products during the combustion. It is only when the peroxides are considered that significant discrepancies become apparent. Thus the total survival of peroxides is considerably greater than in the corresponding isothermal reaction (7), in which peracids do not appear at all. The progression of the latter product is normal, however, judged by the results of reaction 8, the maximum concentration being attained as the rate of reaction first begins to decrease; the peroxide (3), also, shows the two maxima which have already been described as characteristic of slow combustions in the low-temperature zone. It is with the peroxide (2) that the important difference is observed, for although this intermediate normally reaches its peak early in the isothermal reaction it now continues to increase throughout the whole of the main combustion period but with a definite " setback" during the passage of the cool-flame. It appears, therefore, that the propagation of the cool-flame is conditioned by the concentration of this intermediate, which by its disappearance causes the ignition to take place. The small amount of product concerned makes it difficult to say from the present experiments whether the peroxide is consumed by combustion or by spon taneous decomposition, though the former is the more likely.
J. H. Burgoyne
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The influence of the history of the vessel on the reaction products
It has already been recorded that the first combustion of a given aromatic hydrocarbon is invariably abnormal kinetically, as judged by subsequent reactions in the same vessel. It is found, too, that there is a corresponding abnormality in the survival of products under these conditions. Thus, in a " first reaction", the proportions of phenol, alcohol and aldehyde are generally slightly increased at the expense of the acid, whilst the corre sponding ratio C 0/C 02 tends to be erratic. As a result, the course of pressure development also becomes abnormal.
Two " first reactions" are included in the present series (see table 5 , column 4 and table 7, column 4), and in both cases the figu r e given for alcohol, aldehyde, phenol and carbon monoxide are probably slightly too high, the concentration of acid being correspondingly diminished.
D iscussion
In order to appreciate the significance of the results of the present investigation, it is important that the kinetic background of the several combustion reactions considered should be kept clearly in mind, and in table 10 the appropriate data of this character are summarized, based on the conclusions reached in Part IV. It will be observed that the "hightemperature reactions " (excepting in the case of benzene) are located on the first turning-point of the corresponding log^o-eo-1/r curve, and that the "low-temperature reactions" (excepting no. 8) are on the second turning-point. Reactions 1 and 8 are situated in regions of temperature in which the kinetics appear to be fairly regular. It has been shown previously, and is further emphasized in table 10, that the temperature exercises a profound effect on the kinetics of com bustion reactions below 400° C, but the present investigation indicates that the corresponding variations in the products are less obvious, and may be summarized as follows:
Reduction of the reaction temperature causes:
(i) lowering of the C0/C02 ratio, and consequently Ap/p, (ii) an increase in the ratio of " intermediate" to " final" products, (iii) increased survival of peroxides, acids and perhaps ketones; to gether with decreased survival of alcohols and phenols, (iv) slower accumulation of alcohol and improved persistence; with more rapid accumulation of aldehyde. Speaking generally, the reaction products can be divided into two classes:
(i) Stable products, which accumulate steadily throughout the reaction, at a rate which is proportional to the rate of consumption of oxygen: they comprise steam, the oxides of carbon, acids and phenols.
(ii) Unstable products, whose concentration reaches a maximum value more or less early in the reaction: these include all classes of peroxide, alcohols and aldehydes.
The position of the ketones in this scheme is not definite and they must be regarded as intermedial.
In attempting to interpret the analytical results relative to peroxidic substances a twofold difficulty is encountered. In the first place little direct information is available regarding the chemistry of aromatic per oxides, and it is necessary to assume analogy with the aliphatic series so far as side-chain derivatives are concerned. The second difficulty lies in the lack of analytical methods to distinguish the several types of peroxide one from another. The method of Clover and Houghton (1904) employed in the present work distinguishes peroxide (1) fairly well as peracidic, but the distinction between classes (2) and (3) is somewhat arbitrary. It is probable that alkyl hydroperoxides and hydrogen peroxide are the chief constituents in this section, since aldehyde peroxides are not likely to be formed in the reactions under consideration, although they may occur in the analytical solutions by the interaction of free aldehyde and hydrogen peroxide. Peroxide (2), then, may be taken to consist of H20 2 and a certain amount of alkyl hydroperoxide, while peroxide (3) comprises the residue of the latter. Under standardized conditions, such as obtained in the present experiments, a proportionality may be tentatively assumed between peroxide (3) and the total amount of alkyl hydroperoxide. The fact that the concentration of the former class invariably shows two peaks in the course of a slow combustion suggests that two hydroperoxides, at least, are concerned. The first of these (I) may be assumed to accumulate rapidly in the early stages of the reaction and then to disappear; while the other (II) reaches its maximum concentration at the end of the main reaction period.
The hydroperoxide (I) has the characteristics of an early combustion pro duct and probably corresponds with the initial hydrocarbon. The second substance, on the other hand, is evidently a later intermediate and is thought to correspond with the next lower member of the series. Thus, propylbenzene would yield phenylpropyl hydrogen peroxide (I) and phenylethyl hydrogen peroxide (II).
Certain peroxides, such as those of the class EOOR', do not liberate iodine from potassium iodide without a catalyst and have not been esti mated in the present investigation. Such substances, although they could scarcely result from the main combustion process, might be formed by the mutual interaction of chains.
The main combustion reaction may be assumed to involve alcohols, aldehydes, ketones, acids and phenols, since these are common to all reaction temperatures. In considering the combustion process, attention must be given separately to side-chain and nuclear reactions. The addition of an alkyl group to the benzene ring appears to facilitate oxidation by activation of the nucleus and because it is itself easily attacked. Nuclear activity must in all cases be concerned with the ultimate cleavage of the ring, and since when this occurs straight chain products must result, both nuclear and side-chain reactions resolve into an aliphatic problem.
Side-chain oxidation
The question of side-chain oxidation is subject to further subdivision according to whether reaction is a t the end carbon atom remote from the nucleus or at some intermediate point. The evidence so far indicates th a t the higher alkyl derivatives of benzene are primarily attacked at the a-carbon atom, but this is by no means conclusive owing to the instability of the higher aldehydes and acids, and the insensitivity of the appropriate analytical tests.
Oxidation of the end carbon atom presumably results in the formation of a primary alcohol, aldehyde and acid although, owing to the instability of the aldehydes it is possible th a t the reaction would not go to the acid stage. Rather would the combustion proceed by degradation th u s : C6H 5CH2. .. .CH2CH3-^C 6H 5.CH2. .. .CH2CHO c 6h 5c h 2. .. .c h o^c 6h 5.c h 2.1 . .c h 3+ co and so on, finally forming benzene.
There are other feasible mechanisms of degradation, however, which can play a part, and probably do so to varying extents. Thus, for example, In the oxidation of toluene, the peak in the aldehyde concentration is generally attained much later than th a t of the alcohol, although benzaldehyde is much more readily oxidized than benzyl alcohol. Both, however, are preceded by the first maximum in the curve for peroxide (3). These results suggest the following general scheme for the formation of an aldehyde from the corresponding hydrocarbon:
In this scheme the alcohol is not in the main course of the combustion but is formed when the hydroperoxide encounters an oxidizable molecule. Oxidation a t the a-carbon atom results in the formation of a secondary alcohol and a ketone, and the mechanism is likely to be analogous with th a t of the primary alcohol-aldehyde process, an alkyl hydroperoxide intervening. After the ketone stage is reached, the end carbon atom is probably attacked and degradation through ketonic aldehydes occurs, resulting finally in the formation of benzaldehyde, after which the reaction proceeds to benzene as before. In the case of ethylbenzene, then, we have the following scheme:
nuclear attack
Nuclear oxidation
According to the process of side-chain oxidation suggested, the com bustion of all aromatic hydrocarbons is resolved ultimately into an attack
The combustion of aromatic and alicyclic hydrocarbons 559 on the benzene nucleus after a more or less prolonged degradation of the alkyl groups. The stability of phenolic bodies in the process of combustion, not only of benzene but also of its derivatives, is a somewhat surprising feature and suggests th at these intermediates are not directly involved in ring cleavage. Their relationship to the main combustion process appears to be analogous to th at of benzoic acid in side-chain oxidation.
The fact th a t practically no aromatic compounds other than the monohydric phenol are formed in the combustion of benzene indicates th at nuclear rupture is of early occurrence, the resulting aliphatic compound being rapidly degraded as would be expected under such conditions of temperature. Consequently only small amounts of aliphatic substances survive.
I t is thought th at the primary oxygen attack on benzene results in the formation of an active complex which may or may not be of the nature of a peroxide. This, by encounter with a molecule capable of being oxidized, may be stabilized as phenol. Alternatively it may decompose, by ring rupture, to a higher aliphatic aldehyde, which is rapidly degraded in the oxidizing atmosphere to formaldehyde, formic acid, oxides of carbon and steam (cf. Pope, Dykstra and Edgar 1929; Newitt and Thornes 1937):
CeH 6-2^C 6H 6.0 2^2i2C 6H 50 H i CHO.CH : CH.CH : CH.CHO .J. degradation HCHO, etc. In the schemes of combustion outlined above it will be seen th a t in general carbon monoxide results from degradation a t the aldehyde stage and carbon dioxide from the decomposition of acids and peracids. F urther more, there seem to be no other im portant sources of these products, so th a t the ratio of C 0/C 02 may be taken as some indication of course of the combustion under varying conditions.
Reference to the data of table 10 shows th a t in the present experiments the C 0/C 02 ratio increases systematically in the series toluene -> ethyl benzene -> propylbenzene, the figure for benzene being perhaps rather higher than th at for toluene under comparable conditions. This variation is seen to be due mainly to changes in the amount of carbon dioxide formed in corresponding reactions. The ratio C 0/C 02 is also increased by an increase in the rate of reaction, whether this be brought about by an increase of pressure or temperature, and the effect is mainly dependent upon the amount of carbon monoxide formed, except in very slow reactions (cf. no. 8) when an unusually high concentration of carbon dioxide results. It has already been observed (see Part IV) that the ratio C 0/C 02 in the low-temperature combustion region is higher than would be expected by extrapolation of the high-temperature relationship between C 0/C 02 and t.
At high temperatures, C0/C02 is upwards of 2, showing that in general the process of degradation is predominantly via the aldehydes. On de creasing the temperature, however, the course of reaction moves towards the acid stage reducing the amount of CO formed. At very low tem peratures, when peracids are found in the products, the amount of C02 formed is substantially increased by their decompositions.
In the series toluene -> ethylbenzene -> propylbenzene the average stability of the aldehydes involved decreases, with a resulting increase in the C0/C02 ratio.
It must be emphasized that the mechanisms outlined are purely schematic and make no attempt at a detailed explanation of the processes involved, nor are they sufficiently complete for kinetic treatment. It has been shown, moreover, that some at least of the steps involved are chain reactions, though to what extent this is the case cannot be determined at present. Finally, it must be pointed out that steps involving oxidation do not necessarily require the intervention of molecular oxygen. In the presence of active oxidizing intermediates such as are indicated, this is unnecessary, and under these conditions oxidation reactions can be expected to occur which could not be brought about at the same rate by free oxygen.
Turning The present results, relating to a cool-flame reaction of propylbenzene (see figure 3) are comparable with the data for propane in that the total peroxide concentration reaches its peak after the passage of the cool-flame, and during the most rapid stage of the subsequent flameless combustion. There is no indication, however, of the accumulation of a critical amount of aldehyde prior to the propagation of the flame.
It is particularly unfortunate that one of the clearest indications of reaction 9 is connected with peroxide (2), the most complex class of intermediates. The results do point to a phenylalkyl hydroperoxide, how ever, as the active intermediate B, in which connexion attention is directed to the following experimental facts:
(1) The concentration of peroxide (2), which normally attains a maximum value in the early stages of a low-temperature slow combustion, is tem porarily arrested in its ascent by the passage of the cool-flame, subsequently continuing to rise.
(2) The concentration of peroxide (2) is at a higher level in the cool-flame reaction than in a slow combustion at a lower temperature, in spite of the fact that the survival of this intermediate in isothermal reactions is shown to be favoured by a decrease in temperature.
(3) Although the early part of the curve for peroxide (3) in figure 3 is normal, the second peak is unexpectedly high as judged by reaction 8.
(4) Although the ratio C0/C02 is normally increased slightly by an increase of initial pressure, the ratio is less in the cool-flame reaction than in a slow combustion at a similar temperature and the change is due entirely to an increase in the amount of carbon dioxide formed (see table 10).
(5) Peracids appear to have no connexion with the cool-flame pro cess.
Although the results as a whole point to a phenylalkyl hydroperoxide as the primary cause of the cool-flame, sufficient data are not available to decide whether the process itself is one of combustion or spontaneous decomposition. In view of the small amount of intermediate involved, as shown by the analytical evidence, the fact that the passage of the cool-flame causes no appreciable increase in the rate of oxygen consumption or pressure rise can scarcely be regarded as conclusive. It would seem judicious then to defer decision on this point until the cool-flame process itself has been investigated kinetically.
According to the theory of the two-stage process, an important function of the intermediate B is to promote the main combustion process. A hydro peroxide would be entirely capable of filling the role of oxidizing agent and several appropriate branching chain mechanisms could be suggested.
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